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S U M M A R Y
The white m tlShr o o m, Agaricu sblspor us, i8 CtLlti-
v ated on a stra w based c o mposted 8 ubstrate. T his
basidio mycete fu ngtl昌 utiliseB forgr o wth both plant
a nd micr obial biopolyrne rsduring coユo ni8 atio n of
its corn m e r cial gro wth m ediu m c o mposted whe at
島tr aW . The polym ers utili畠ed by the myceliu minclude
cellulo se a nd hemicellulo白eS. fr o mpla nt cellw alls.
peptidoglyc a ns a nd gluc a n sfr om microl〕ial cell
w alls a nd protein fro m both sotlr CeS. T he pos sible
utilis atio n of lignin orlignirl derived polymers is
n ot yet c o nfir m ed altho ugh the ftl nguS PO8S eS8 eS
the rle C e 8 S a ry erlZym e ByBtem Sforlignindegradation.
Bioc on v e r sion of thesePOlym ersis effected by a 司et
of extr acelltl ar e n zym e8Pr oduced by the mycelium
of the fungus･ Sev e ral of the e n之yrneS re spo nsible
for s ubBtrate bioc om versio nhave bee n char8Cterised
a･nd 畠O me C a告esPurified a nd antibodie s prodtlCed
ag8･inst the pure proteins . T his has le ad to the
e xpre8 SioJI CIonlTg Of the stru ctur al ge ne白a nd
ide ntific atio n of their llpStream S eque nces Which
regulate the tra n s criptio n a1 le vel of extr ac ellular
e nzym 8 Se C r etio n. The a ctivities of laccase a nd
cellula畠e a r eStrongly r egulated du ring the cycles
of m ushr oo m pr odllCtio n a nd this regulatio zlis
ass o ciated with genetic r
･
egulatio n at the tr a ns cri-
ption al level aTld with protein biosyzlthe8is.
[N TR O D U CT.O N
Agaric us bisporu s, the white butto n m ushr oom ,
is pr oduc ed o n a v e ry large sc ale in Eur ope, N .
Am eric a, Asia and Au str alia arid is stillthe m ajor
m u shroo m Spe cies cultiv ated irl the w orld. 1t has
been e stim ated that w o rldproductio nis a rou nd 2. 0
milliorltO n ne8 pe r a n nu血 . (Van Grierl S V e n, 1996).
Agaric us produ ction r e s ults fro m tw o separ ate but
1irlked micr obial bioc o n ver8io l prOC e8 朗S. T he first
oftheseiB the co ntr oled productio n of a c o mposted
gr o wth s ubstr ate using whe at stra w & nd other
agriculttlral m aterials. T he 朗 CO nd stago i白 in oc ula･
一io n a nd m yc elial gro wth in
po st)by the fu ngusfollo w ed
a nd harv e sting of m llahr oo m
cycle畠 Of bio n a8Spr OdtlCtion
W o od, 1989).
that 8 ubstr ate(c orn-
by th㊤ de v elopm e nt
frllit bodiesfor4or5
(f hlShe8)(W o od, 1984,
C O M P O ST FO R A G A RIC U SPR O D UC T10 N
Pr o ces s of c om po sting
The compost forAga ric usproductio nis pr叩 a red
by a tw o stage process(w ood, 1984). Irl the first
stage.a miⅩttlre Of wheat 白tr aW , a nim al m a nllre S
Such 8B Stable bedding orpotltry m an tlre, g y psu m
a nd othe r agriculturalw a白te pr oducts ar e as s e mbled
a nd w etted a nd then fo rmed into a stack(windro w).
The Sta ck dim ensio ns are 1. 5m height by i. 5rn
wi dth with 8 minim u mle ngth of 2m . W ate r ad di･
tio n畠 are C O ntrOlled a71d the stack i点 dis8e mbled a nd
r efor m ed atint8rV als with large s cale agrictl tnr al
m a chin es
･
T he second stage, pasteuris atio n, or
J'
pe ak
he at ''i8 Carried o ut in a n indo or cha mber after
loading the c o mpostinto sllitable c o ntainers Su ch
asbox es･ bags or shelve占･ Stack co r ete mpe rattl re
is controlled by air mixl ng tO aim for a te mper a-
tu re of 60 Deg C follow ed by a co olerperiod at 45-
50Deg C and the n c o oling to a rnbie nt air ternpe-
r 且t11re
. (W o od, 1984)
Pr ope rtie s of co m po st
Co mpo sting ca n be con sidered to be a microbial
pre-tre atm e nt stage n ec e s s ary tO produ c e as elective
n on - ax e nic (no n sterile) gr o wth m ediu m which
fav o u r st he gr o wth of the m yc eliu m of A. bispor u s
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(W o od1 1984). T he fin al produ ct･ c o m
.
post is con sト
derably differ ezlt fro m the r8.W m ate ria18 fro m
which it w 8日 pr odu c6d･ During c
lom poBtillg 8 Oluble
c arbo n･and nitroge n c om po u nds are r apidlydepleted
by the gr owth of the micro -o rga nism s r e spo nsible
fo rthe c ornposting pro ce 8S.(Iiya m a et al. , 1994).
The co mbin ed activities of the microbial flora
degrades; 且 S lgnific a nt
he micellulose fr actio ns
the Starti喝 n at8rials.
of the r a w m aterials
part of t∫le C ell11 ose and
of the plant cellw al ls of
A bo ut25% of the dry m atter
a re tltilized to pr oducethe
co mpost tip tO the 8tage Of in octl ation(spaw 山ng)
by the myceliu m of A･ bispor u 8. M ic robial n tlmbe r s
a nd biodiv e r由ty ar e
`
v ery high in c o mpo st arid
in clude both n eB Ophile8 且nd the rr nophi18B Of bac-
te ria, a ctino mycetes a nd fu ngi. (Wo od 1984)Consi-
de rable chemical changes o c c tlr in the 昌ub8tr ate,
incltlding v olatilisa.tio n of v ariollSlow m ole cular
w eightc o mpotlnds(Derikx et al‥ 1990), c ondeJ18 ation
azld oxidation cha ngesto the lignl n fr action a nd
the visible a c u m ulatio n of 且Ldark bro w nm ateri al
o nthe s u rfa ce of the stra w8(Iiya m act al. , 1996).
This dark br ow n layer deriv e8fro m m8taboli8ed
lignin produ cts and c o ntains 8 1gnific ant qll a ntitie$
of nitrogen a nd als o whole mic robialc 81ls and the
debris derived fr o mtheir pa rtial di8S Oltltio n(BllrtOn
et al‥ 1997)･ T he lignin fraction afte r co mposting
co ntain s s lgnific ant quantities of bo u nd nitr ogen
(Gerrit81969)I M icr obial degradatio n of plant Cell
w aユ18 Can be se e nby the us e･Of ele ctro nmicr o8C Op y.
T he ra nge of degradatio n includes c om plete c ell
degr&datiDrl and dissolution a nd v ariollS form s Of
cellw aller osion ･ Ho w e v er the patter n of micr obial
colonis atio n
.
a nd degradation Of the plant cellw alls
i8 V e ry heteroge neo tlSwith ad]
'
a c ent cells v ar ym g
fr om c om plete collaps e and the prese n ce Of m a.ny
ty pes of microbial cells to plant‾cell8 with no
ap parent c oloni姐 tion by micr o1 0rga niB m昌 (Atkey
卑nd Wood, 1983). T hefin早l n utrition al c om position
of the c o mpost prior to in ocl18tion c o mprises
lignin･ c elhl o se azld hemicellulo8einplaJltC ellw alls.
Ther ei8 also a significa nt quantity of mic robi al
bio ma s spre s e71t(up to 2% of the c om post dry
m atter)(Sparling et al‥ 1982). M icr obialbio ma8 S
i8 PreS¢nt･･a B Whole and degraded cell白 On the exte-
rior of the stra ws a nd within th8 1u me n of the
stra w s and colo ni$1 ng the interiorsof indivi dll al
pla nt c ells(Atkey and Wo od, 1983). This micr obial
biom a s sfraction wi llpredo milla ntly c ontain v arious
microbial biopolym ersin cluding peptidoglyc a ns a nd
glu ca n sfrom ba cterial and fu ngal c ell w all昆. Pr ote-
in in c om postis derived from both residu al pla nt
pr otein within cellw alls a nd micr obial protein. T h
ere is als othe prese nce Oflipids fr om both u ndeg-
r aded pla nt cells and fr o m microbial bio m asB
.
B10 C ON V E R 引O N O F C O M P OST
Efficien cy of bioc o n versio n
Mycelial grow th a nd m ushr o o mprodu ctio n of A.
bispo ru s utilizes abo ut 20% of the c o mpost dry
m atter
.
T he tltili姐 tio n of the s ubstrate c arl be
partitio n ed into tie bio m as8 0f the myc¢1iu m.
m u 8hr o o m B(.
fr uit.bodi8B) a nd the e v olutio n of
re8Pired C O丑 a nd otherlo w m olecLllar w eightdifftl･
Bible prodll CtS(W o od, 1979, Atkey a nd Wo od, 198&
M atcham et
effic e ncy of
calc ulated o n
har vested per
al. . 1985. Dutto n et al, 19 8). T he
utili8 &tio n of the substr at8 C a nbe
a fruiting yield b8.Big (皿 uBhr o om 8
tmit w eight of co mpost at in o c ula-
tion). The gr o wth ofthe myCeliu m ca n be m 白a8 ured
by indirect enzym e 舶S ay m ethod8(Wo od, 1979).
This 8how 8 that the r atio of the bio m as畠 Of
myc elitl m produ ced to fr uit body bio m assyield iB
betw e 8ふ 1 to 2･ T his figu re co mpare白f且V O urably
with cultu res offmiting baBidio myceteftl ngigro w n
in optimised cozldition 白 O n laboratory m edia .
Electro n micro s c op y8ttldie8 Sho w that eV etl at the
end of the c rop ping cycles co nsider able qu antities
of u ndegraded non microbially c oloni8ed plant cells
ca nbedetected(Atkey and Wo od, 1983). The fa ct.rs
li mit ng furthe r grow th of the mycelium are n ot
tl ndcr8tO Od. T herec o lld be a ntltritional 1im tation
for a partic ular gro wth limitirlg n utrie nt or the
lack of s uffic e nt mic robial degr adation at the
c om posting Btage･ Identific ation of a pos sible li mi-
ting ntltrient will be diffic ult to achie vedue to th8
che mical c o mplexity of the subBtr ate and the pr o-
blern of a s se 8 Sing bio a vai 1ability of allthe Separ ate
n utrie nts neces s a ry forgro wth of the 皿yCeliu m in
com post.
B10 P O L Y M E RU TI LIS A T10 N
Ugnin
The ability of A ･ bispor usto .,tilise ligT'in dtlrimg
m ycelial gro wth and fruiting is not fully u nde r針
tood. Earlie r gr avim etric stlldies indic ated that the
fungu 畠 utilized a $1g
･
nific a nt quantity of lignin .
(Ger rits, 1969). Lignin content of co mpost was
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m e astl red a s
. '
Klas o n廿 Iigrlin, defined as an acid
insoluble fraction
.
T he r ate of lignirldepletion w as
m c･r e rapid du ring mycelial grow th(spa wrLrun)
Radiore spir o metric れudieB hav e bee ndo rle u s i ng
either radiolabelled synthetic lignins(DH P S) o r
lignir1labelled
”
･in pla nta
''
by feeding whe at plants
with lign l nprecu rso r sfollowed by c omposting of
I.he harv e sted labelled plant tissu e (W o od a nd
Leatham 198B, Durr a nt ct al. , 1991). Both th悶e
studic8 Sho w ed th8 fu ngus w as able to respire the
labelled lignin t9
efficie nt, in that E
utilized, It al白O
sho wing a m ore
C Oソ and th¢
ilarge fr actio n
co nfir m ed the
r apid rate of
d喝 radatio n w as
or the lignin w as
e a rlier w o rk in
lignln utilis atiorl
dtlring mycelial gr o wth(Dur ra nt et &l. , 1991).
Ho w ev er ftlrもher chemic al arlaysesof ligrLin degra-
dation u 昌Ing the re曙 e nt a C¢tyl bro mide to m 組Sure
lignin c o nte nt sho w that lignin &c ctl m u18te白during
c o mposting a nd m u与hroo m pr oductio n, stlggeSting
that lignl nis not utilized to a ny Blgnific a nt e xte nt
(Iiya m & et &l‥ 1994). Thes e studies al卓O Sho w ed
th上 the 8trtlCture Of the lignlnfr action had cha n-
ged with E)Vid母nC e Of o xidatio n and c o nde ns ation
pr oducts in the lignlnPOlyrrlQr.
Ce‖ulo s ea nd he mic e‖ulos es
Both gra vim etric a nd raLdiorespir o m etric m ethods
ha vebee n us ed to 8ho w that cellulosei且 11tilized
by the fu ngllS during gr o wth and that cellulose
utili組 tio nincre asesdtlring fruiting(Gerrits, 1969,
W o od a nd Leatha m1983, Durrant et al. , 199l,
Iiyam 8. 8t al‥ 1994, Iiy8 皿 a et alり 1995). A botlt15
% of the co mpost plant cellw allpoly8a C Chari des
are utili之ed during gro wth and fruiting but a c on -
畠ider able qu a ntity(betw e 印17-31%) of bio m ass
rem ains q n utiliz ed at the e nd of tile Cropping
Stages.
Mic r obi81 bio m as s a nd pr otein
A
.
bispon LS is c apable of the effic entdegradatio n
and utili8 atio n of bacte rial, a ctirLO myCet8 a nd ftlngal
biorn ass(Fe m or a nd Wood 198i Gra nt et al. , 1984,
Ferm or and Grant1985). Microbial bio m ass, a s
living a nd de ad cells m aterial c an c o mprise llp tO
2% of the dry m atter of c om post a nd m ay repr e-
s ent a COn C e ntrat8d reser ve Of nitroge n and other
m inerals(Sp8rling et al. , 1983). I.abelled micr obial
biom a s shasbee npr oduced
D
in situ
”
by c o mposting
with r adioa ctive prectlrS Or C O mpOu nds such a s
amin o acids. T his labelled bio m asB Can be efficiently
utili乞ed by the growing myceliurn(Ferrnor et al‥
1991). T he bio m &8Bwi 11c o ntain microbial cellw all
polym ers s u ch 8S pePtidoglyc8n8 a nd ghlC anS & S
w ellas micr obialpr otein .
E XTR A C E しL U L A R E N Z Y M ES P R O D U C E D
【N C OM P O ST
A large ra nge of extr&ce11ul且r e nZym e8hasbee n
d㊤tected during gro wth aJld fn liting
･
of Aga Ticu 8
on c ornpo8t 白ither fro m la rge SC ale c o m m ercial
c ulttlreS Or fro m ax ◎nic ally gr o w n a nd frllited
c ulttlreS(W o od a nd Go od8n O ug九 1977, W o od1980
(a), Grant et al‥ 1984, Wo od, 1998. Bo nne n et al. ,
1994). T he8e activities include o xidaseB, p8rO王idase8
a nd vario ushydrola白eB. The likely 和 bstrat8 Sfor
the8e 8 nZym eS a nd th色 r arlge Of specific ties of
these are8tlfficeTlt tO 8COtlnt forthe utilis atio n
of m any of the plant and micr obial biopolym er畠
in c o mpo白t Which o ngln &te fro m pla nt cellw alls
orfr o m mic robi8.1 cells (T&blel) (W o od, 1984,
Wo od. 1993).
T8blel
Extr a c ell118r e n 名ym e activities of Aga7
･lcus bispo ru8
ide ntified fro m e ol nised m ushr o o m c otnpo8t.
Enzym e activity
Lacc ase
M arlga ne B eper OXidaB e
Endogltl Carl a 8 e
Ex oglllC a n a.Se
Xy18n a S e
Xylo side hydrol且Se
Protea B eS
Lipase
D Na B e
R Na Be
Lys ozy m e
(n ur a midaBe)
Gluc os amiTlida8e
SubBtr ate in c o mpost
Lig11 n
Lignin
Cell11 o 8 e
Cellulose
Xyla n
Xyla n
Protein
Lipid
D N A
R N A
Peptidoglyc a n(Bacte rial/
actin o mycete cellw alls)
REG ULAT卜O N O F ENZY ME A CTIV一丁Y D U RIN G
G R O W THAN D F R ]｢T-N G O N C O M P OST
L∈lC C a S e
Lacc a se a ctivity is str o ngly regulated du ring
growth and fmiting . Dtl ring mycelial gr o wth in
c om po st la c ca se a ctivity inc r e ase sin proportion to
m ycelial grow th and this c a nbe used to m ea su re
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皿 yCelial bio m 8･ S Ofthe fhn如8(W o od, 1979., W ood,
1980)･ A fterfruit bodies(m u8hr o o｡1 S)dev elop lac-
c a Be activity decliheB rapidly
L(w o od and Go od-
enollgh I977. , W ood, 1980. , Smith et. al. 1989).
Thebio chemic aland m olecular properties ofpurified
lacc ase preparatio nsbefo re a nd aft8r f miting 8ho w
c o nside rable diffβre m c es in re spect Of c atalytic a c-
tivity , str uctu re･ im n un ologl Cal prop匂rtie8 a nd
cop per c o ntent(Wo od et al‥ 1991, Per ry 8t al. ,
1993(a･)). L&cc a S e a ctivity co ntin u estO ri8e a nd
fall with e ach suc c 朗Sive ro u nd(flush) of fruit
body bio n aa8production (S mith et al. , 1989).
Gen eexpre 与Sio n studies Show that gen e expr es sio n
m e a mred a 8 m R N A
▲
le vel i白 m a Xim al at the fully
colo ni且8d sta 卵 Prior to frtliting a nd then declin es
to very low le vel占 dllri71g fruiting. Ge n e cloniJlg
sttldies ha v e Sho wn ther e are tw o clo sely linked
(tande m).hcc &se ge nes Sharing c o nsiderable ho mo-
1og y(Perry et. al, 1993(b)). T he e xpre白Bion of
也esetw o ge n e sdifer畠 by over7, 000 fold in the
c o mpo st(Smith et. al. , 1998).
Cel[ulases
Cellula se(e ndoglⅦc an a s e)a ctivity is also c o r related
with fruit body de velopm e nt in c o rnpost cultures
(W o od itnd Goode n o ugh, 1977). M a nipulatio n ofth8
quantity of a nd developzn e nta1 8tage bf the fr uit
bodie畠 On the c11ture Btl rfa ce Sho w s that fruit
body bio m as8POSitively regulatesthe le vel of eコト
tr ac811qlar endoglu catl a S eproduced into the c o mpost.
(Claydo n et aL , 1988). Ne w bur8t8 in c elltl a s e
activity occu r with each n ew r o ll d(flush)offr uit
body bio ma88prOdllC ed with cellula畠e activity de cli-
n lng
■afte rfnlit点 are harvested. T his regulation of
cellulas e 且Ctivity indicates that the ftlngu S CO ntrOl白
the Sup ply of c a rboJl tO the m yceliu m obtain ed by
degrading cellulose and aBSiTnilating its s oluble
degT ada七io nprod.tlCt8. In cre as ed de m and for c arbon
co mpo u nds tO c o n struct the growlllg fr uitbody is
m et by tr an 81o c ating c arbon m etabolite畠 fr o m the
m ycelium whichin tur nr8plenish8且its ca rbon leve18
by incre a slng the pr odtl Ctio n of e xtr ac ell11 a r c ellu_
1a-seinto the c o mpo8t･ These cyclic 81 changes in
cellnla B ea ctivity ar e als o c o r related to ch ngesin
the le vel of m R N A fo r at 18a St On e C ellulase gen e
(O hga et al, r999).
Protea s8
During gr owth of the myceliu m o n c o mpost a
serine pr ote aBe activity ha8been fo u nd to be the
m ost activepr ot8 aBepr 8畠e nt(BtlrtO n et al‥ 1997).
A tw ofold in cre a 白ein a ctivity o c ur s 8 S the cul-
tu re 息 e nte rthe fmiting cyclesbut thereis n opro -
n o u nc ed regulatio n betw e e ne a ch fruiting cycle .
T hi畠 prOte aSem ay be involved in increasing the
nitroge n S up ply to the mycelitl ma nd he nc eto the
developing fruit bodiesbut n otirka CyClical regula-
tio npatte m.
C O N C L U S10 N
S11b白trate bioc on ve r 8io n by A. bispoTu Shas bee n
studied by a n u mber ofirldepende nt m ethods, ･inclu -
ding chemic al anqly畠eB, radiore8pir o m etry a nd e nzy-
m e 且S Say. T he co mpo且ted 旦tlbBtrate forA. bi8PO ru S
is th8 m o st COm Plex of the gr o wth m edia used for
the pr odllCtio n of edible fu ngi. T he fllngu 8i昌 C apa-
ble of degrading variou 畠Pla nt cellw allpolym ers
in cluding cellt1 o 畠e a nd xylan (hemicellulos e). It c a n
als odegrade and efficiently utiliB epr otein orlgln a-
ting eitherfrom pla nt or microbi且1 c ells. M icrobial
bio m a8 8
c o mpost
pro c e s s.
electr on
i6 a nutrition ally signific a nt fractio n of
which a cc11 m t11ate8d ming the c o mposting
En zy mic aTld as s ays, r adioreBPir o m etry and
mic ro s c op yhave all bee n t1馳 d to sho w tlle
ability of the fungus to degr ade a nd utili白e this
n utrition al so urc e･ T he ability of the ftlngu8 tO
degrade lign l n
lytic e n zym e B,
re m ain s to be
chemical as s ay
a nd the role of the ptltativ elignin o-
1a c c a8e a nd m a nga nes e per Oコ【idase
e 昌tablished. The r e c ent W o rk o n
of lignin c o ntent during m ycelial
gr owth and fmitiTlg Sug gests lignin i8 n ot used to
a ny sigEIific■a nt exte nt(Iiya m a et al. , 1994). Nev er-
thelessth8 fungu s B eCr eteS known lignin olytic e n zy-
m e sS u ch a81acc a且e and m angane s epe r O Xida B e, the
form e rin abu nd anc e
･
T he n utritio nal c o mpo nent
which li mits fllrther utilisatio n of c ornpostis n ot
kno wn ･ Electron zTlicros cop y a nd che mic al analy白i昌
Show that c onsider able qu antities of pote ntial ly
degradable ca･rbon s ou rces frozn plant cellw alls
r e Tn ain after the crop ping ha s finished. M a nipula-
tion of extr ac8111 ar e nzy7n ele vel by cl且B8ical a nd
m ole c11 ar m ethods of Btrain impr o ve m ent could
provide a route to in c r ea 81 ng the c u r re nt effic e ncy
of bioco nver8io n of c o 皿pO畠t into mllShro or ns
(W ood, 1993). T he ability to produceBtlCh n ov el
Strains of A
.
bispor us is at prese nt limited by the
diffic ulty of large BC ale 昌Cre ening fo r m utants With
incr e as ede nzym epr oductiozl usi ng Classical m ethods
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of m utation a nd selectio n(Stephe ns et al‥ 1991)
a nd also by th8lack of a reliable, r eproducible D N A
tr an sfor m atio n syste m Which c arl be used to intr o-
duce or delete en zym egen es.
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